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Many investigators now consider psychiatric disorders to be neural circuit disorders
(Lozano and Lipsman, 2013). Cognitive, emotional and volitional symptoms of major depression,
generalized anxiety, obsessive-compulsive disorder and other conditions are traceable to dysfunc-
tion in critical nodes of circuits in cortical, limbic and subcortical pathways of the brain. Guided
by functional imaging, the ability of deep-brain stimulation (DBS) to probe and modulate spe-
cific circuits in real-time has elucidated the pathogenesis of these disorders. DBS has validated the
neurobiological underpinning of normal and abnormal states of mind. This and other develop-
ments in clinical neuroscience discredit a dualist theory of mind and brain that takes psychological
properties to be conceptually distinct from and capable of functioning independently of neural
properties. Instead, they support a materialist theory of mind that explains mental phenomena in
terms of their neural correlates.
A materialist theory of mind suggests that mental illnesses are just diseases of the brain
(Fuchs, 2012). This idea is generally consistent with the aim of the Research Domain Cri-
teria (RDoC) initiated by the US National Institutes of Mental Health (NIMH), which
is to identify brain mechanisms that can explain the causes of psychiatric disorders and
predict treatment responses and outcomes (Insel et al., 2010; Casey et al., 2013). There
are, however, reductive and non-reductive versions of materialism (Baker, 2009). Accord-
ing to reductive materialism, phenomena at one level can be completely explained in terms
of more basic elements at a different level. On this view, normal and abnormal men-
tal states can be completely explained in terms of brain function and dysfunction. Accord-
ing to non-reductive materialism, the brain necessarily generates and sustains mental states
but cannot account for all of their properties. By themselves, probing and modulating neu-
ral circuits of people with psychiatric disorders fail to capture how the content and phe-
nomenology of the mind can affect the brain in how these disorders develop and respond to
treatment.
Psychiatric disorders are multifactorial disorders resulting from interaction among genes, neu-
rons, immune and endocrine systems and the affected person’s psychological response to the
natural, social and cultural environment. Describing these disorders at a brain-systems level
is necessary but not sufficient for understanding their etiology or how they can be controlled
through different types of neuromodulation. It is not dysfunctional neural circuits but people
who have these disorders. Persons are constituted by their brains but are not identical to them.
The conscious and unconscious mental states that emerge from the brain and define persons
are influenced by a dynamic and interacting set of factors both inside and outside of the brain.
Mind and brain are shaped by the fact that persons are embodied and embedded in differ-
ent environments. Our brains alone do not determine everything about who we are and how
we experience the world (Churchland, 2013). These considerations suggest that non-reductive
materialism is a more plausible theory than reductive materialism for explaining the mind-brain
relation in psychiatry and a more helpful model for diagnosing and treating psychiatric disorders.
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Neuropsychiatrist Todd Feinberg’s conception of the mind as
a process emerging from the brain in a nested hierarchy supports
non-reductive materialism as a theoretical basis of the mind-
brain relation (Feinberg, 2001, pp. 129–131). Higher-level pro-
cesses associated with conscious and unconscious mental states
are compositionally dependent on, or nested within, lower-level
processes associated with circuits in the brain. Feinberg’s idea
of constraint can be used to explain how interacting neural and
mental processes promote homeostasis within an organism and
its adaptability to the external world. Constraint refers to the con-
trol that one level of a system exerts over another level of the same
system. The “system” at issue is a human organism, and the rel-
evant “levels” are brain and mind. Constraint operates in both
bottom-up and top-down directions as brain and mind mutu-
ally influence each other in a series of re-entrant loops. Neural
functions constrain mental states to ensure that they accurately
interpret information from the environment. Mental states con-
strain neural circuits to ensure that they are neither underactive
nor overactive. Beliefs with heightened emotional content can
over-activate the limbic fear system, disable cortical constraint
on this system and lead to depression, anxiety or panic disorders.
Disabled constraints on belief content from dysfunctional audi-
tory and prefrontal cortices can result in the hallucinations and
delusions in the positive subtype of schizophrenia.
Proponents of non-reductive materialism hold that men-
tal properties are part of the material world. They also hold
that mental properties can be causally efficacious without being
reducible to material properties. Critics of this position argue
that if mental events are not reducible to physical events, then
they are epiphenomenal (Kim, 1998, p. 81). Mental events are
the effects of material or physical causes but cannot cause any
material or physical events to occur. If mental processes associ-
ated with beliefs, desires and emotions are not reducible to their
neural correlates and are epiphenomenal, then presumably they
do not influence the etiology of psychiatric disorders or patients’
responses to therapies.
But there are many examples in psychiatry where mental
states are causally efficacious in disrupting and modulating neu-
ral pathways. Persistent psychological stress can cause a cascade
of adverse biochemical events in the brain and body, including
hyperactivation of the amygdala fear system and dysregulation
of the hypothalamic-pituitary-adrenal (HPA) axis and sympa-
thetic nervous system. This can disrupt frontal-limbic connec-
tivity mediating cognitive and affective processing and result in
impaired cognition and mood. The contents of a person’s beliefs
and emotions may play a causal role in the pathophysiology of
this disorder. In obsessive-compulsive disorder, excessive con-
scious reflection on motor tasks ordinarily performed as a matter
of course can have a similar disruptive effect on frontal-limbic-
striatal pathways and impair sensorimotor and cognitive func-
tions (Melloni et al., 2012; Figee et al., 2013). Yet mental states
can be part of a therapeutic process as well. In cognitive behavior
therapy (CBT), patients with depression can be trained to reframe
their beliefs and emotions in a way that can re-wire some regions
of the brain and result in significant improvement in depressive
symptoms. Studies have shown that CBT can modulate func-
tion in specific sites in limbic and cortical regions mediating
mood and cognition (Fuchs, 2004; Goldapple et al., 2004). Dis-
ruptive bottom-up effects on mental functions by dysregulated
neural functions can be reversed to some degree by top-down
modulating effects of this therapy on these functions.
Neurofeedback (NFB) is another example of how mental
states can modulate brain activity. With this technique, par-
ticipants can be trained to down-regulate brain hyperactivity
through their cognitive and emotional responses to the sensory
feedback of neural function they receive from EEG or fMRI
(Linden et al., 2012; Linden, 2014, chapter 3). This type of self-
regulation can restore some degree of control of thought and
behavior for those who successfully perform the technique and
relieve symptoms associated with attention deficit-hyperactivity
disorder (ADHD), anxiety, depression, posttraumatic stress dis-
order (PTSD) and other conditions. It may also be possible
for depressed subjects with anhedonia and avolition associated
with an underactive nucleus accumbens in the reward system
to use NFB to up-regulate activity in this region and improve
motivation (Linden, 2014, chapter 3). NFB demonstrates that
participants can induce changes in their brains through their
own mental states without having to rely on psychoactive drugs
or devices implanted and stimulated in specific neural circuits.
Moreover, the fact that the cognitive and emotional responses
that induce these changes depend on indices of brain activ-
ity fed back to the subject shows that mind and brain are
not independent but interdependent and interacting processes
necessary for flexible and adaptive behavior. It highlights the
erroneous assumption that non-reductive materialism implies
dualism between mental properties and neural properties and
that the first cannot influence the second. It is because of interac-
tion between brain and mind in NFB that this technique can pro-
duce its therapeutic effects. Indeed, some investigators describe
NFB as “a holistic approach that overcomes bio-psychological
dualisms” (Linden et al., 2012, p. 8).
Psychological factors are also significant in brain-computer
interfaces (BCIs) used as a form of neurofeedback for neurolog-
ical disorders. These systems may use scalp-based electrodes to
record EEG or a microelectrode array implanted in the motor
cortex. More and less invasive forms of BCIs are designed to
enable subjects paralyzed from spinal cord or traumatic brain
injuries to bypass the site of injury and translate signals from
the motor cortex through a computer into actions such as mov-
ing a cursor or robotic arm. In addition, BCIs have been studied
to determine whether individuals with complete locked-in syn-
drome can communicate when they are unable to do this ver-
bally or gesturally by activating signals in brain regions mediating
semantic processing. Subjects have to be trained to perform these
neural and mental acts in manipulating the interface, and there is
considerable variation among them in the capacity to be trained.
Success in learning how to use the system and activate and trans-
late signals in the motor cortex depends on operant conditioning,
which requires sustained motivation, attention and persistence.
Not all locked-in subjects have the requisite degree of these psy-
chological capacities to manipulate the interface. One explana-
tion for the failure of researchers and practitioners to train these
individuals to communicate with a BCI is that the complete loss
of control from paralysis undermines the motivational basis for
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operant conditioning (Birbaumer et al., 2008, 2014; Linden, 2014,
p. 22). They may experience not only physical fatigue but also
mental fatigue in repeatedly attempting and failing to activate
the cortical regions necessary for communication. Theoretically,
though, participants who are sufficiently motivated and have the
necessary cognitive capacity could be trained to translate signals
in these regions into actions that realized their intentions. Psy-
chological properties of the participant play a causal role in the
success or failure in using the technique to induce the desired
brain responses. In both NFB and BCIs, the role of the trainer in
enabling the participant to exercise the critical mental capacities
and induce changes in the brain is one aspect of environmental
influence on these capacities and changes.
In treatment-refractory depression and obsessive-compulsive
disorder, DBS can modulate dysfunctional circuits enough to
make them amenable to CBT. As in NFB, this underscores the
complementarity of brain-based and mind-based techniques in
controlling symptoms in these disorders. Mind-brain dualism
would conceive of these techniques as unrelated or even incom-
patible. The reductionist view that everything about the mind
can be explained by appeal to neural circuits and that mental
states are epiphenomenal would also fail to appreciate the causal
efficacy of beliefs and other cognitive states on neural function.
Dualist and reductive materialist models of the mind and brain
both fail to recognize the salutary effects of combined neural
and psychological therapies for these disorders. It is thus mis-
taken to assume that non-reductive materialism in clinical neu-
roscience implies that mental states have no influence on the
brain.
Rather than focusing exclusively on neural mechanisms, a
holistic model of psychiatric disorders that explains them in
terms of interaction among genes, neurons, mental states, the
body and the environment is more helpful in understanding
them. The success or failure of different forms of neuromodula-
tion for these disorders demonstrates that interdependent mental
and neural processes influence the extent to which they can be
controlled. These considerations support a non-reductive mate-
rialist model of the mind-brain relation in psychiatry. This rejects
the reductionist view that mental illnesses are just diseases of the
brain and that how we experience the world is completely deter-
mined by neural structure and function. Theoretical models such
as the RDoC and techniques such as DBS alone may be too lim-
ited to provide an adequate account of mental health and mental
illness. They are components of a broader set of factors that shape
mind-brain interaction and need to be included in diagnosing
and treating psychiatric disorders.
References
Baker, L. R. (2009). “Non-reductive materialism,” in The Oxford Handbook of
Philosophy of Mind, eds B. McLaughlin and A. Beckerman (Oxford: Oxford
University Press), 109–120.
Birbaumer, N., Gallegos-Ayala, G., Wildgruber, M., Silvoni, S., and Soekadar, S.
(2014). Direct brain control and communication in paralysis. Brain Topogr. 27,
4–11. doi: 10.1007/s10548-013-0282-1
Birbaumer, N., Murguialday, A., and Cohen, L. (2008). Brain computer inter-
face in paralysis. Curr. Opin. Neurol. 21, 634–638. doi: 10.1097/WCO.0b013e
328315ee2d
Casey, B., Craddock, N., Cuthbert, B., Hyman, S, Lee, F., and Ressler, K. (2013).
DSM-5 and RDoC: progress in psychiatry research? Nat. Rev. Neurosci. 14,
810–814. doi: 10.1038/nrn3621
Churchland, P. S. (2013). Touching a Nerve: The Self as Brain. New York, NY:
W.W. Norton.
Feinberg, T. (2001). Altered Egos: How the Brain Creates the Self. New York, NY:
Oxford University Press.
Figee, M., Luigjes, J., Smolders, R., Valencia-Alfonso, C., Van Wingen, G.,
de Kwaasteniet, B., et al. (2013). Regaining control: deep brain stimulation
restores frontostriatal network activity in obsessive-compulsive disorder. Nat.
Neurosci. 16, 366–387. doi: 10.1038/nn.3344
Fuchs, T. (2004). Neurobiology and psychotherapy: an emerging dialogue. Curr.
Opin. Psychiatry 17, 479–485. doi: 10.1097/00001504-200411000-00010
Fuchs, T. (2012). “Are mental illnesses diseases of the brain?,” in Critical Neuro-
science: A Handbook of the Social and Cultural Contexts of Neuroscience, eds S.
Choudhury and J. Slaby (London: Blackwell), 331–344.
Goldapple, K., Segal, Z., Garson, C., Lau, M., Bieling, P., Kennedy, S., et al. (2004).
Modulation of cortical-limbic pathways inmajor depression: treatment-specific
effects of cognitive behavior therapy. Arch. Gen. Psychiatry 61, 34–41. doi:
10.1001/archpsyc.61.1.34
Insel, T., Cuthbert, B., Garvey, M., Heinssen, R., Pine, D, Quinn, K., et al.
(2010). Research Domain Criteria (RDoC): toward a new classification frame-
work for research on mental disorders. Am. J. Psychiatry 167, 748–751. doi:
10.1176/appi.ajp.2010.09091379
Kim, J. (1998).Mind in a Physical World: An Essay on the Mind-Body Problem and
Mental Causation. Cambridge, MA: MIT Press.
Linden, D. (2014). Brain Control: Developments in Therapy and Implications for
Society. Basingstoke: Palgrave-Macmillan.
Linden, D., Habes, I., Johnston, S., Linden, S., Tatineni, R., Subrama-
nian, L. et al. (2012). Real-time self-regulation of emotion networks in
patients with depression. PLoS ONE 7:e38115. doi: 10.1371/journal.pone.
0038115
Lozano, A., and Lipsman, N. (2013). Probing and regulating dysfunc-
tional circuits using deep brain stimulation. Neuron 77, 406–424. doi:
10.1016/j.neuron.2013.01.020
Melloni, M., Urbistando, C., Sedeno, L., Gelormini, C., Kichic, R., and
Ibanez, A. (2012). The extended frontal-striatal model of obsessive-
compulsive disorder: convergence from event-related potentials, neurophysiol-
ogy and neuroimaging. Front Hum Neurosci. 6:259. doi: 10.3389/fnhum.2012.
00259
Conflict of Interest Statement: The author declares that the research was con-
ducted in the absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.
Copyright © 2015 Glannon. This is an open-access article distributed under the terms
of the Creative Commons Attribution License (CC BY). The use, distribution or
reproduction in other forums is permitted, provided the original author(s) or licensor
are credited and that the original publication in this journal is cited, in accordance
with accepted academic practice. No use, distribution or reproduction is permitted
which does not comply with these terms.
Frontiers in Integrative Neuroscience | www.frontiersin.org 3 March 2015 | Volume 9 | Article 22
